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(57) Abstract 

A controlled-releasc composition for a biologically ac- 
tive material, wherein said active material has been dissolved 
or dispersed in an L2-phase comprising: (a) at least one mon- 
ogJyccride of an unsaturated fatty acid having 16-22 carbon at- 
oms or a vegetable or animal oil containing such a monoglycer- 
ide, (b) at least one triglyceride of at least one unsaturated fatty 
add having 16-22 carbon atoms or a vegetable or animal oil 
containing such triglycerides and (c) at least one polar liquid 
selected from the group consisting of water, glycerol, ethylene W TER 
glycol and propylene glycol. Such L2 phases are known per se 
but are novel in this context The composition is prepared by 
forming the L2 phase and adding the biologically active mate- 
rial before, during or after the formation of the L2-phasc For 
sensitive substances such as proteins a mixture of the mono* 
and triglycerides is added dropwisely to a solution of said sub- 
stance in the polar liquid. The invention also relates to the use 
of this specific L2-phase to encapsulate a biologically active 
material. 
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TBCBW1CAT. PTC^p. 

Th. pr.a.nt invention r.latea to th. fi.id of «n- 
capeulating biologically activ. material, in ord.r to 
obtain a euataln.d r.l.aa. th.r.of aa la d.airabl. with- 
in many diff.r.nt tachnical fi.ld.. auch a. for in.tanca 
to hav. a long.r laating .ff.ct of a pharmac.utically 
activ. mat.rial. Mora apacifically th. invention r.lat.a 
to a novel .ncapaulating mat.rial or ey.tem whieh ia 
thermodynamically atabl.. which ia ua.ful for wat.r- 
-aolubl. aa w.ll aa wat.r-inaolubl. biologically active 
compound, and which anablaa a highly r.producibl. 
auatain.d r.l.aa. of aaid biologically activ. compound.. 
With r.far.nc. to laat-m.ntion.d prop.rty th. term 
"controlled r.l.aa.' will b. ua.d throughout de.cription 
and claim, to .mphaeiz. th. fact that by th. preaant 
invention th. d.air.d auatain.d r.l.aa. of any activ. 
compound can b. obtain.d in a controll.d way. 

BACKGROUND OP THE T HvewTtnw . 

On. t.chniqu. of .ncapaulating biologically activ. 
material, for au.tain.d-r.l.aa. purpoa.d i. di.cloa.d in 
US Pat.nt Sp.cificationa Noa . 4,106,100; 4.145,410; 
4,235,871; and 4,241.046. In th... application polym.r- 
-wat.r pr.parationa or ayat.ma ar. utiliz.d aa .ncapau- 
lating mat.riala. Th... pr.parationa ar., however, 
th.rmodynamically unatabl. Cdi.p.r.iona, .mul.iona and 
v.aicl.a) and conaiat of at l.aat two phaa... 

Th. pre.ent invention 1. baaed on th. uae of a 
fundam.nt.lly diff.r.nt ayat.m, vLx. a th.rmodynamically 
•tabl. on.-pha.. coapo.ition having a well-d.fin.d 
• tructur.. by which it haa tum.d out po.aibl. to .li- 
ainat. or at l.aat dra.tically r.duc. di.advantag.a aa- 
aociat.d with th. abov.-m.ntion.d prior art compoaiti- 
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The new composition or system used according to 
the present invention is a non-toxic liquid phase formed 
from certain amphiphilic substances and a polar liquid 
and is called an L2-phase. The L2- phase is a phase known 
5 per se but as far as hi know of it hae previously not 

been ueed for the purposes of the present invention. 
However* for a better understanding of the invention the 
present information can bs given concerning amphiphilic 
substances and the L2-phase. 

10 Amphiphilic substances are substances with hydro- 

philic as well as hydrophobic Clipophilic) groups and 
such substances spontaneously tend to self -associate 
in aqueous systems forming various types of aggregates. 
The L2-phaee is one such phase. The L2-phase is a liquid 

15 phase with water-aggregates in a hydrocarbon-continuous 

medium (see Ekwa.ll, P., Advances in Liquid Crystals, Ed. 
6.W. Brown, Academic Press, Nsw York, 1975>. The phase 
can coexist in equilibrium with water or a dilute aque- 
ous solution. It is known that edible oils, like soybean 

20 oil, and water can form such a phase in the presence of 

monoglycerides of unsaturated fatty acids, such as sun- 
flower oil monoglycerides <eee Pontell et al. 
J. Colloid Interface Sci. 93 C1983) 453). Further infor- 
mation about L2-phases will be given below in connection 

25 with the disclosure of the invention. 

SVttMARY OF THE IWVBHTIPH 

By the present invention there is accomplished a 
controlled release composition for a biologically active 

30 material which composition shows several advantages as 

compared to the prior art compositions. As was msntioned 
above thie is obtained by using a special L2-phase ae 
the encapsulating material. More specifically the compo- 
sition according to the present invention is character- 

35 ized in that the biologically active material is dissol- 

ved or dispersed in an L2-phase comprising Ca> at least 
one monoglyceride of an unsaturated fatty acid having 
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16-22 carbon atom* or a vegetable or animal oil contain- 
ing such a monoglyceride, <b> at least on. trigly C erid« 
of at least one unsaturated fatty acid having 16-22 
carbon atoms or a vegetable or animal oil containing 
•uch triglycerides and (c) at least one polar liquid 
selected from the group consisting of water, glycerol, 
ethylene glycol and propylene glycol . 

The above-mentioned L2-phaae is advantageous for 
the purposes according to the invention IjHat aJUa. for 
the following reasons: 

It is tharmodynamically stable and therefore, it 
has no tendency to phase separate with time (unless che- 
mical decomposition occurs). 

It has distinct hydrophilic and hydrophobic do- 
mains, which enables it to dissolve (solubilize) or dis- 
perse both water-soluble and water-insoluble compounds. 

The distinct hydrophilic and hydrophobic domains 
represent an organized structure that puts restrictions 
on the diffusion of added compounds, a fact which can be 
advantageously used for controlled-release purposes. 
Thus, the release rate of a bioactive substance is de- 
termined by the outer surface of the phase towards the 
surrounding medium and the proportions between hydro- 
philic and hydrophobic domains within the phase. As was 
mentioned above the L2-phase used in accordance with the 
present invention comprises or consists or a special 
liquid monoglyceride, a special liquid triglyceride and 
a polar liquid. Once these three components of the sys- 
tem have been specified in each single caee. the exact 
composition of the corresponding L2-phase can be found 
in the prior art, e.g. from a ternary phase diagram. An 
example of such a phase diagram is shown in 
Pig. 1 of the drawing which shows the phase diagram for 
the system of sunflower oil monoglyceride/eoybean 
oil/water at 4 0 o C and fl0<>c. The two-phase regions and 
three-phase triangles are marked only at 40°C. Notati- 
ons: L2, isotropic "oily- solutions; C, cubic liquid 
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crystalline phase; D, lamellar liquid crystalline phase; 
F, reversed hexagonal liquid-crystalline phase* Concen- 
trations in X <w/w>. At room temperature the L2-phase 
has a maximum content of water of about 12-14% (w/w) , 
5 and substances localized in the aqueous regions or 

aggregates will have a highly reproducible sustained 
release into an outside water phass Cor polar liquid 
phase, respectively). 

Generally, the monoglyceride is a mpnoglyceride of 
10 an unsaturated fatty acid having 16-22 carbon atoms. 

However, often it is not necessary or rather preferable 
not to utilize said monoglyceride in the pure form but 
-to use instead a natural product containing the same, 
such as a vegetable or animal oil containing the desired 
15 monoglyceride . 

According to a preferable embodiment of the com- 

....... , .pmlftij^a^ 

glyceride of an unsaturated fatty acid having 18 car-* 
bon atoms or a vegetable or animal oil containing the 

20 same. An especially preferable monoglyceride from this 

group is monoolein or monollnolein or a vegetable or 
animal oil containing the same. 

The triglyceride used is a triglyceride of at 
least one unsaturated fatty acid having 16-22 carbon 

25 atoms but also in this case a natural product containing 

said triglyceride can replace the same, such as a vege- 
table or animal oil containing the desired triglyceride. 

A preferred composition according to the invention 
contains as said triglyceride a triglyceride of at least 

30 one unsaturated fatty acid having 16 carbon atoms or a 

vegetable or animal oil containing the same, an 
especially preferable oil being soybean oil. 

The polar liquid utilized in the claimed composit- 
ion is preferably water, but said water can also be 

35 partly or fully replaced by glycerol, ethylene glycol 

and/or propylene glycol, which polar liquids can be used 
for fine adjustments of the release rates of biological- 
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ly active materials from the L2-phaao. That la different 
polar liquid* or different proportione between polar 
liquida can ba uaad to control tha ralaaaa rata of a 
•pacific active material. For auch a control or adjust- 
ment of tha release rate common aalt , i.e. sodium chlo- 
ride, can alao be uaed. 

Aa waa mentioned above the exact composition of a 
specific L2-phaee ia taken from a phaae diagram while 
taking into consideration the desired releaae rate for 
the active compound to be encapsulated, which rate ia' 
determined by a person skilled in the art by simple rou- 
tine experiments. However, a preferable weight ratio of 
monoglycer ide to triglyceride ia within the range of 
from 1:1 to 3:1, more preferably from 2:1 to 2,5:1 and 
especially around 7:3. The content of water (or other 
polar liquid) is generally determined by the maximum 
water content of the L2-phaee region, which is often not 
above 12-14% <w/w> . Therefore, a suitable water content 
is within the range of 4-12, preferably 5-10 X. 

With reference to the term "biologically active 
material" or similar aa uaed throughout the specificat- 
ion and claims it means a compound or composition which 
when present in an effective amount, reacts with and/or 
affects living cells and organisms. 

One interesting group of compounds to be 
encapsulated in accordance with the preaent invention ia 
the group of pharmaceutical compounds, e.g. antibiotica, 
proteins, steroids, vitamins and nucleic acida, penicil- 
lin being an example of antibiotic, inaulin an example 
of a protain and oestriol and prostaglandins 
examples of ateroids. 
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In connection with proteins it can also be menti- 
oned that an L2-phaee exists in connection with fat di- 
gestion and abaorption in the inteatine Caee Lindstr5m 
ML Lipida 1£, 198i f 749). We have found that thia 

5 L2-phaee can protect aenaitive substances, like pepti- 

dea, from degradation in the gastric environment until 
they are abaorbed. Furthermore, an increaaed uptake haa 
been obeerved. Thia L2-phase can function aa a vehicle 
providing chemical protection and controlled uptake in 

10 oral administration of druga and. thus, in certain caaea 

even an improved uptake in the intestinal system. 

The compoaition according to the invention when 
uaed as a pharmaceutical compoaition is prepared with a 
carrier auitable for oral, rectal or tranedermal admini- 

15 etration or auitable for inhalation. 

Another example of a biologically active material 
to be enca:pw^l«^ed isn &cc«©<rd*nc*e with th© princi^ple.a of 
the present "invention ia a compound for agricultural 
use, such aa pesticides, fertilizers and trace elements. 

20 Still another example of an intereating active 

compound in thia connection ia a feromone but any active 
substance that can be diaaolved or diaperaed in the 
L2-phaae should be encapaulable in accordance with the 
invention, 

25 Generally, the biologically active material is 

preaent in an amount of 0,1-10% by weight of a ready-to- 
-uee composition, although the invention is not limited 
to said amounts. 

According to another aapect of the invention a 

30 method of preparing the above-mentioned 

controlled-releaee composition ia provided. This method 
ia characterized by forming a mixture of the above- 
-defined monoglyceride and triglyceride in auch amounts 
thereof that an L2-phaae ia formed when said mixture ia 

35 contacted with the polar liquid selected from 

the group conaiating of water, glycerol, ethylene glycol 
and propylene glycol, the biologically active material 
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being added before, during or after the formation of 
•aid L2-phaee. Generally this mean* that eaid active 
material ia added to the L2 -phase when formed but it can 
also be added e.g. to the polar liquid before eaid 
L2-phaae ia formed. 

Before diecloeing some preferable embodiment • of 
the method according to the invention the following 
ehould be noted. Since water ie the preferable polar 
liquid aome aepecte or embodimente of the invention will 
be deecribed in connection with water. However, thie 
does not mean that the general ideas are not similarly 
applicable to the other polar liquide mentioned. The 
water aggregates of the L2-phase or the interfacial zone 
between the hydrophilic and hydrophobic regions of the 
phase provide the sites of controlled release in the 
case of active substances solved in the phase. In the 
case of a very low solubility of the active substance in 
the phaee it can be dispersed within the L2-phase. The 
L2-phase has a very low interfacial tension towards an 
outside water phaee, and it ie therefore easily 
emulsified into water. When a sensitive substance, e.g. 
a protein, is aolubilized into the L2-phaee, it must 
first be solved in the water phase. Then the protein 
solution is mixed with the monoglycer ide-t r iglycer ide 
mixture, the optimum weight ratio of last-mentioned 
mixture being 7:3, said mixing operation being performed 
by dropwisely adding the monoglyceride-triglyceride li- 
quid to the protein eolution. Only under theee condit- 
ions it is possible to keep the native protein structu- 
re. If the drops are added to the protein solution with 
intervals around one second! the L2-phase formed will 
swell to the limit of water swelling between each 
addition. Thue the protein will keep the water en- 
vironment needed during the whole preparation process. 

Thus, one embodiment of the claimed method, which 
ie of special interest in connection with sensible sub- 
stances! such as proteins, is characterized by forming a 
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solution of the active material in the polar liquid, 
preferably water, as well aa a mixture of the monoglyce- 
ride and the triglyceride and adding the monoglyceride- 
-triglyceride mixture dropwieely to the aolution of eaid 
5 active material in the polar liquid. 

The preparation in thie way of a 5X Cw/w) cyto- 
chrome £. aolution in water, which ie then transferred 
into an L2-phaae formed by monolein-eoybean oil Cweight 
7:3) givea a final protein concentration in the L2-phaee 
10 of 0.6%. When thie L2-phaee ie kept in contact with a 

water phase, with 1 cm 3 of each phase and i cm 2 in 
contact area in" between, it takes about two daye until 
the protein concentration in the butaide water has 
reached the equilibrium value. 
15 The preparation of L2-phaee containing bioactive 

substances of more simple types, like hydrocortisone or 
vitamins, can be prepared by mere mixing of the ingre- 
dients in the desired proportions. Then it is Just to 
wait for equilibrium to be reached, as the L2-phase is 
20 thermodynamically stable. 

With reference to the method according to the in- 
vention it ahould also be added that those preferable 
•mbodiments which have been described above in connect- 
ion with the composition are similarly applicable to the 
25 method and nead not be repeated here. 

Finally, the present invention aleo relatea to the 
use of the above-mentioned L2-phaee, including all pre- 
ferable embodimenta thereof, to •ncapeulate a biologi- 
cally active material in order to obtain a preparation 
30 giving a controlled release of said biologically active 

material. As has been mentioned above thie uee is 
especially intereating in connection with aensible 
eubstancee euch aa proteins. 

35 EXAMPLES 

Some embodiments of the invention will now be de- 
scribed more in detail by the following non-limiting 
examples . 
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100 mg of lyaozyme is dissolved in 1 9 of water. This 
solution is mixed at 40°C with s mixture of 3 0 of soy* 
bsan oil and 7 g of sunflower oil aonoglycerides lest- 
-mentioned mixture being dropwisely added to said lyso- 
zyme solution. The L2-phase formed thereby exhibits a 
slow release of the protein molecules into water in the 
environment. A droplet thereof under the eye-lid will 
provide an antimicrobial effect during several hours. 

1 g of hydrocortison is dissolved in an L2-phase prepar- 
ed from 65 g of monoolein, 27 g of olive oil, 5 g of 
propylene-glycols and 3 g of water. This liquid can be 
used for a transdermal administration of hydrocortison. 

Example ? 

Benzylpenicill in is used in the form of a saturated wa- 
ter solution to form an L2-phaee which consists of 131 
(w/w) of penicillin solution! BOX of monoolein and 27% 
<w/w) of soybean oil. The ingredients are mixed at room 
temperature until a transparent single phase is obtain- 
ed. The penicillin is protected against acidic degradat- 
ion in the stomach. 
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1 A controll.d-r.l.a.. composition for » biologi- 
cally activ. mat.rial. charact.rix.d in that .aid biolo- 
gically activ. mat.rial ha. b..n di-.olv.d or di.p.r..d 

<*> at l.a.t on. monoglyc.rid. of an un.aturat.d fatty 
acid having 16-22 carbon atom, or a v.g.tabl. or animal 
oil containing «uch a monoglyc.rid.. 

<b> at l.a.t on. triglyc.rid. of at l.a.t on. un.atu- 
rat.d fatty xcld having 15-22 ~rbon .torn, or a v.g.tab- 
1. or animal oil containing .uch triglyc.rid.. and 
Cc > at l.aat one polar liquid selected from th. group 
con.i.ting of water, glycerol, ethyls ^col and pro- 

IB pyl«ne glycol. 

2 . A cempo.ition according to claim i. character- 

u ra!t^d fatty acid having 18 carbon atom, or a vege- 
table or animal oil containing th. .am.. 

3 A cempo.ition according to claim 2. characte- 
rized in that .aid monoglyc.rid* i. ..l.cted from th. 
gro up con.i.ting of monool.in and monolinol.in or a ve- 
0 etable or animal oil containing the .am.. 

4 A composition according to anyone of th. pr.- 
c.ding claim., characterized in that .aid. *riglY««id. 
i. a triglyc.rid. of an un.atuxat.d fatty acid, having 
l8 carbon atom, or a v.g.tabl. or animal oil containing 

5. A competition according to claim 4. charact.r- 
4n that *aid tx-ifllyc.rid. i. -oyb-an oil. 
6 A compo.ition according to any on. of th. pr.- 
cding claim., charact.rix.d in that th. ~it*t ratio of 
monoglyc.rid. to triglyc.rid. ±* «itbin th. range of 
from 1,1 to 3:1. preferably from 2:1 to 2.5:1. e.p.cial- 
35 ly around 7:3. 
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7. A composition according to any one of the pre- 
ceding claim*, characterized in that the biologically 
active material ie eelected from the group conaieting of 
pharmaceutical compound*, euch as antibiotics, proteins, 
steroids, vitamins and nucleic acide; compounds for 
agricultural uses, euch as pesticides, fertilizers and 
trace elements; and feromonee. 

6. A composition according to any one of the pre- 
ceding claims, characterized in that the biologically 
active material is present in an amount of 0,1-10% by 
weight of a ready-to-use composition. 

9. A composition according to any one of the pn- 
ceding claims, characterized by a water content of about 
4-12, preferably 5-10, X by weight. 

10. A composition according to any one of the pre- 
ceding claims, characterized by cbntaining sodium chlo- 
ride as a release rate modifying agent. 

11. A pharmaceutical composition according to any 
one of the preceding claims, characterized in that it 
contains a pharmaceut ically acceptable carrier ueeful 
for oral, rectal or transdermal administration or for 
inhalation . 

12. A method of preparing a cont rolled-release com- 
position according to any one of claims 1-11, character- 
ized by forming a mixture of said monoglyceride and tri- 
glyceride in such amounts thereof that an L2-phase is 
formed when said mixture is contacted with the polar 
liquid selected from the group consisting of water, gly- 
cerol, ethylene glycol and propylene glycol, and adding 
the biologically active material to dissolve or disperse 
the same in said L2-phase, said addition being made be- 
fore, during or after the formation of said L2-phase. 
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13. A method according to claim 12. which i. ..p.- 
cially ua.ful for ..n.ibl. .ub.tanc «uch a. protein.. 
eharact.r±*.d by forming a mixture of .aid monoglyc.ride 
and triglyceride, dL.olving th. biologically activ. 
material in th. polar liquid, pr.f.rably water, and 
dropwia.ly adding th. monoglyc.ride-triglyceride mixtur. 
to th. .olution of biologically activ. material in .aid 

polar liquid. 

14. U.. of an L2- P ha.e a. d.fin.d in any on. of 
claim. 1-11 to .ncap.ul.t. a biologically active C 
mat.rial. pr.f.rably a prot.in, .o a. to obtain a 
preparation giving a controlled relea.. of .aid 
biologically active material. 





^ *p^W c*taoeria t of cttad document*. 

' A " iStZ^^^V*" o' U» which ii not 

COntHJ»r»<j to b« of particular rWranca 

S^'^"^ b * P***«hod on of attar tha b«.m«iooal 

^ r ^* throw doubt, on priority claim (•) or 

S25tU*J^!S to •* ubU * h pi^lcatioVtuu 7* aAotha? 
cfUtion of ethar apacial nuon (as a^fflaS) 

'°" ^'^^tng to a* o/H dlidowr,, „ WoW on or 



or pjiortty data and not In conflict with tf* application but 
gta^und.riUnd tha D/Mdpia or thoory urging tha 

222^2 .SL'S^Sfr ^f^cai tha eUrmod tmintion 
jocurn^tt It comMnod with ona or mora othor auch docu- 
cornblnatton batng oMcxa toTporVS! i alSlad 

documom mombar of tha mm patent tamffy 



Oau of tha Actual Completion of tha miamaUorul 5aa/ch 

1987-08-18 



Data of Mailing of tfcfa IrUarnationaj Saarch fUport 

1987 -08-26 



SJpnatur* of AuthorUad QPcar /> - 

Knet& Tannerfeldt 





TRIGLYCERIDES 



WATER 




MONOGLYCERIDES 



